Abstract
temperature for the three layers has been found. Furthermore, it is concluded that heat loss 23 from the pond's surface occurs mainly by evaporation, in comparison to convection and 24 radiation. Heat loss to the ground has been calculated by using three different equations. It 25 was found that the perimeter of the pond has a significant effect on heat loss to the ground 26 from a small pond, while its effect is small in the case of large pond. The validity of the 27 model is tested against experimental data for several established ponds; good agreement is 28 observed. Paso solar pond was established and it has been in operation since 1985 (Alenezi, 2012) .
49
Currently, the research on the El Paso pond is focused on coupled desalination and brine shallow pond comprised a plastic bag made from PVC, which is clear at the top and black at 58 the bottom to absorb radiation. A shallow solar pond has a maximum depth of 15 cm (Garg, 59 1987). In convective solar ponds there is no insulating zone to prevent heat losses by 60 convection. The pond is operated under normal atmospheric conditions (Anderson, 1980) .
61
There are several types of non-convecting solar ponds. The most important type is the salt decrease, but will remain higher than the layer above due to the salinity gradient.
69
Consequently, upward movement due to buoyancy will stop, and heat can only move by 1983) that the UCZ should be kept as thin as possible and the LCZ depth should be varied 106 depending on the desired operating temperature, to achieve the maximum efficiency. Alagao 
112
The results showed (Alagao (1996) that area of the evaporation pond in a CCSGSP operation 
Upper convective zone (UCZ)

139
The upper convective zone of the pond is represented schematically in Figure 3 . The heat conservation equation is given as:
The left hand side of equation 2 represents the useful heat accumulated in the upper 
166
The heat transfer to the UCZ by conduction from the LCZ is calculated by using the 167 following equation:
169
Here, and are the temperatures of the UCZ and the LCZ respectively, and is the 170 overall heat transfer coefficient, which can be computed as: 
177
Equation 7 can therefore be written as:
The symbols , and represent heat which is lost from the surface which can be 180 written as.
Heat loss by convection Q uc is given as:
184
Here ℎ is the convective heat transfer coefficient from the water surface to the air in W/m 2 185 K and it is calculated by using a formula which was introduced by McAdams (1954) as:
where is the average wind speed.
188
Radiation heat loss can be calculated as: 
Lower convective zone (LCZ)
211
The heat balance on the LCZ is illustrated in figure 4 . 
214
A heat balance on the LCZ is given as:
It is assumed to begin with that there is no load i.e. = 0. This corresponds to the initial 217 warming period of the pond. In addition, it is assumed that = 0 i.e. it is supposed that 218 walls are well insulated. Equation 20 can be rewritten as:
The solar radiation which enters and is stored in the LCZ ( ) can be computed by using 221 equation 5, and in this case:
223
Heat which moves upward from the LCZ ( ), can be calculated from equation 9. This is 224 considered to be the same as the heat that moves to the UCZ
225
To calculate , the equation is:
227
The overall heat transfer coefficient to the ground is given as:
The symbols 3 , and 4 represent the resistances to heat transfer to the ground. In the present study another case for the pond has been considered. It is supposed that the 247 pond is unburied; i.e. it is above ground with a space between it and the ground. It is
248
suggested that bottom of the pond consists of three layers, two layers of wood and a layer of 249 polystyrene between. In this situation can be given as. It is beneficial to plot the profile of the incident solar radiation in the location of the pond to 
El Paso
313
The present model is also compared with experimental data from the El-Paso solar pond will increase while in the second one temperature will decrease slightly. Subsequently it will 337 increase slowly as the radiation intensity increases. However, after few months the gap 338 between the two temperatures will be small. As demonstrated in figure 7, for the model, the 339 behaviour is approximately similar to the described behaviour because before May, the 340 temperature decreases, after that it increases gradually. It reaches maximum value in August.
341
A gradual decrease in temperature is seen after August to be close to the experimental results.
342
The difference between the two values of temperatures becomes very small from September.
343
The difference between the experimental data of the El Paso pond and theoretical values
344
according to the present study may be because of the difference between theoretical and 345 experimental heat transfer coefficient, but also the clarity of the pond because it was working 346 for a long time prior to the measurements in 1999.
348
Effect of ground heat loss
349
The experimental data for the LCZ of Ali's (1986) pond in Kuwait is also compared with the 350 present model, but by using equations 27 and 29 to represent heat loss to the ground,
351
comparison is illustrated in figure 8 . Consequently, heat loss to the soil from the bottom of the pond (no heat loss from walls, as 360 they are considered well insulated) is higher than in the unburied case and has an impact on 361 the pond, causing a decrease in temperature. Secondly, the temperature of the air reaches 362 more than 37 ° C in some areas, particularly in arid and desert places including Kuwait (table   363 2). In this situation heat loss to the atmosphere in the proposed unburied pond will be small as 12.6 ° C for both layers and month 1 is January).
405
It is obvious from figure 10 that the temperature of the lower layer increases substantially An energy balance on every layer in the NCZ layer can be written as:
The energy transferred through the NCZ by conduction is computed by; 
470
It can be seen that the ambient temperature is higher than the temperature of the UCZ for 
479
It is clear from figure 17 that ambient temperature is higher than temperature of the upper 480 layer. The difference continues from the first month to October when it becomes very small.
481
Evaporation even occurs at temperatures lower than ambient temperature. With all cases
482
there is an energy which is added from the surrounded air, but with evaporation only, there is 483 no heat addition. 
Conclusion
485
This paper has presented a model to calculate temperature in the three zones of a SGSP. The 
